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NOISE STUDIES OF INLET-GUIDE-VANE—ROTOR INTERACTION
OF A SINGLE-STAGE AXTAT-FLOW COMPRESSOR

By John L. Crigler and W. Latham Copeland
Langley Research Center

SUMMARY

Some experimental results are presented of a noise study of a single-stage
axial-flow compressor. The objective of the study was to investigate the effect
of inlet-guide-vane—xrotor interaction on the noise radiation patterns in the
far field with a view toward alleviating the noise at its source. A variable-
speed electric motor was used to drive the compressor rotor through a range of
tip Mach numbers from 0.20 to 0.50. The test setup was arranged so that the
number of inlet guide vanes could be varied and the vanes of each unit could be
adjusted to give varying blade loading. Provisions for axial spacing of the
rotor and guide vanes were made with the use of spacer rings.

The data are presented in the form of nolse radiation patterns and fre-
quency spectra. These data show how the radiation patterns are affected by the
relative number of rotor blades and guide vanes. Calculations of radlation
patterns were made for comparison with the experimental data, and good quali-
tative agreement was obtained. An increase in axial spacing of rotor and inlet
gulide vanes gave large reductions in noise levels when analyzed at the blade
passage frequency, and furthermore the lobes of the noise radiation patterns
were nearly eliminated. However, spacing had little effect on the overall
noise radiation patterns.

INTRODUCTTION

With the introduction of Jjet-powered commercial transports, the nolse
problem became a matter of great concern to the aircraft industry. In the
early stages of the use of jet engines, the paramount problem appeared to be
the noise due to the Jjet exhausts in take-off. Recently, however, it has
become apparent that the noise during landing approach, particularly because
of the presence of compressor noise components, is also of great ccncern. This
concern has led to research aimed at compressor noise reduction.

Many studies have been made to obtain a better understanding of the com-
pressor noise problem (e.g., refs. 1 to 6). These studies have dealt not only
with the noise generation but also with the propagation of noise down the duct
and its radiation from the face of the duct.



The present study relates to the effects of rotor—inlet-guide-vane inter-
action on the noise radiated to the far field with a view toward alleviating
the noise at its source. In this study, use was made of a 1k&.75-in-diameter,
single-stage, axial-flow compressor under controlled conditions in an anechoic
test cell. A variable-speed electric motor was used to drive the compressor
through a range of rotor tip Mach numbers from 0.20 to 0.50. The test setup
was arranged so that the number of inlet guide vanes and the vane turning angle
could be varied. Also, the axial spacing between the inlet guide vanes and
rotor blades could be adjusted; this adjustment was accomplished with the use of
a spacer ring. The data are presented in the form of noise radiation patterns
and frequency spectra. The acoustic measurements are compared with normalized
noise radiation patterns calculated by the method of reference 1 and are corre-
lated with airflow measurements through the rotor.

SYMBOLS
a speed of sound
B number of rotor blades
4,0 blade section profile drag coefficient
cy blade section 1ift coefficient
kﬁ“c characteristic wave number
kxu wave number
My circumferential tip Mach number for m lobe pattern
M cut-off Mach number
M rotor tip Mach number, Nf/a
m lobe number (difference between number of rotor blades and guide
vanes)
N rotor shaft speed, rpm
Nt rotor tip speed, ft/sec
n harmonic number
o outer wall radius
ry inner wall radius



U stream velocity

v number of guide vanes
b4 percent rotor tip radius
Yy width of airfoil wake (see fig. 19)
L radial mode index
£ cut-off ratio, Mm/ME
G = —L
To

APPARATUS AND METHODS

Description of Test Setup

A photograph of the test setup is shown as figure 1. The general physical
arrangement of the compressor and drive motor is shown schematically in fig-
ure 2. The compressor consisted of a test rotor mounted in a suitable airflow
duct which was annular in shape and which terminated in a large open space
below floor level. The compressor was driven by a 52-hp varliable-speed (rated

9000 rpm max.) electric motor at speeds up to 145 rps, which corresponded to a
maximum tip speed of 560 ft/sec.

The test compressor consisted of a single-stage axial-flow rotor having
55 blades with root diameter of 10.72 in. and tip diameter of 1%.75 in. The
rotor blades were taken from one stage of a multiple-stage compressor of a Jet
engine. It was necessary to design the rotor wheel so that the blades could be
set at the appropriate turning angle to obtain maximum efficiency when operated
as a single-stage compressor. A photograph of the rotor wheel is shown as fig-
ure 3. The rotor blades had a NACA 65-series airfoil section with a constant
chord of 0.70 in. Tests were made with and without guide vanes (constant chord
of 0.70 in.) upstream of the rotor. Three guide-vane assemblies were used:
31 vanes, 53 vanes, and 62 vanes. The inlet guide vanes were from the stator
associated with the rotor of the multiple-stage compressor; however, provisions
were made to adjust the turning angle of the guide vanes so that the rotor blade
loading could be varied. In most of the tests the turning angle of the guide

vanes did not exceed 5°. Figure 4 is a photograph of the 53-guide-vane
assembly.

Provisions were made for varying the guide-vane spacing (in guide-vane
chords) shead of the rotor from a minimum of 0.53%5 guide-vane chord (0.375 in.)
to a maximum of 9.11 guide-vane chords (6.375 in.) by use of spacer rings.
These rotor—inlet-guide-vane spacer rings were utilized with each of the three
guide-vane assemblies.



The equipment was set up in a large anechoic chamber to minimize effects of
wind, background noise, and so forth. The control station and recording equip-
ment were located in the main data control room. The anechoic chamber and main
data control room, located in the Langley noise research facility, are described
in the appendix of reference 7. As indicated in figure 5, noise surveys were
made in a horizontal plane containing the center line of the inlet dquet and
around a 12-ft-radius azimuth circle extending from near the 0° station (on the
inlet axis) to the 90° station on this circle.

Noise Instrumentation

Seven commercially available condenser microphones were used at perpendicu-
lar incidence, and the output signals were recorded on a multichannel FM tape
recorder. The overall response of the system from 20 cps to 10 000 cps, con-
sidered adequate for the blade passage frequency, was flat within £2 4B. The
microphones were spaced at 150 intervals from 0° to 900, as shown in figure 5;
in addition, continuous sound recordings were made with the aid of a microphone
that traversed this range of azimuth angles. For purpose of analysis, the tape
recordings were played back into a graphic level recorder and one-third octave
band analyzer.

Pressure Instrumentation

Six specially constructed pitot-static tubes were installed in the airflow
upstream of the rotor and guide vanes to measure the flow properties. The
pitot-static tubes were equally spaced across the duct. Commercially available
pressure cells having a usable range of 32 psi were used to convert the output
of these pitot-static tubes to electrical signals. The output signals of these
pressure cells were recorded on a multichannel oscillograph located in the main
data control room. Four additional pressure measuring devices (yawmeters) were
located downstream of the rotor (fig. 2) to measure the pressure rise across the
rotor.

Operating Procedures

The compressor was operated under various test conditions for the purpose
of inlet noise surveys. For each test condition, noise data and compressor per-
formance data were obtained for a range of rotor tip speeds. The runs were of
the order of 2 to 3 minutes duration to permit satisfactory tape recording of
the noise data and oscillograph recording of the pressure data. The measured
radial velocity distribution through the compressor is shown for a range of
rotor shaft speeds in figure 6 for the condition of no inlet guide vanes. An
approximately uniform velocity profile exists across the duct at all rotor
speeds. Figure 7 was plotted from the data of figure 6 to show the rate of
airflow through the rotor as a function of the rotor shaft speed. The calcu-
lated weight flow, based on a knowledge of the rotor and its airfoil character-
istics, has been included in the figure for comparison. The agreement between
the measured and calculated values 1s excellent.
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The tape recordings of the noise surveys have been analyzed in order to
present the data in the form of radiation patterns and frequency spectra.

Input power to the compressor and compressor speed were recorded. Com-
pressor speeds obtained for different test configurations were accurate within
+2 rpm.

THEORETICAL CONCEPTS

Experimental studies (for example, ref. 1) have dealt not only with the
noise generated by the rotor or rotor-stator interactions but also with the
propagation of the noise down the duct and its radiation from the face of the
duct. Tyler and Sofrin (ref. 1) pointed out that the noise generated in the
compressor is of the nature of rotating pressure patterns called "spinning
modes." The spinning pressure modes may be generated by a compressor rotor or
a rotor-stator combination. It is shown in reference 1 that a rotor-stator
assembly produces pressure modes quite different from the spinning modes for
the rotor alone. TFor the rotor alone, the pressure field consists of a single
(nB)—lobe pattern which rotates with rotor angular velocity 2nN; consequently,
an oscillating pressure is generated at a frequency of nBN cps. For the rotor-
stator combination, as each rotor blade passes in the wake of a stator, an
impulse of pressure is developed so that many patterns are formed, each of
which has a number of lobes and a rotational speed that can be determined.
(Although the impulse received at the rotor blade may be modified in amplitude
and shape by the size and loading on the stator and by the distance between the
stator vane and the rotor blade, it will have the same periodic recurrence.)
Whether the pressure pattern propagates without a decrease in intensity to the
end of the duct or decays along the duct depends on the speed with which it
sweeps the duct walls, the crossover point or "cut-off" Mach number occurring
when the propagating mode sweeps the duct walls at sonic speeds. The operating
conditions for cut-off depend on the circumferential rotor tip Mach number, the
lobe number (number of rotor blades for the no-stator condition or the differ-
ence in the number of rotor blades and stator vanes when a stator is used), and
the hub-tip ratio. The cut-off Mach number for the rotor alone is not attained
until the rotor tip speeds approach Mach 1.0; therefore, for the present tests
on the rotor alone, the cut-off Mach number was not reached. For a rotor-stator
combination, it is possible to form pressure patterns having rotational speeds
above Mach 1.0 even though the rotor tip speed is much less than Mach 1.0. A
method is outlined in reference 1 for computing the cut-off conditions for var-
ious rotor-stator configurations (or inlet-guide-vane—rotor configuration) and
distinguishes the regions of propagation or decay along the duct. The circum-
ferential tip Mach number is given by

BMy
Mo =
and the cut-off Mach number of the spinning m lobe pattern is
\
* ko
My = =



The wave number is then given by the relation
- m 2 *\2
o = 1o \M” - (1)

In this equation propagation exists when M, > M;, decay occurs when M, < Mg,
and at cut-off My = M). The cut-off ratio is

My

€n W

The cut-off ratios have been included in the data figures to readily indi-
cate the conditions of decay or propagation. For convenience in calculating
the cut-off Mach numbers for other configurations, figure 8 has been included,
which is a plot of kéuo as a function of m for two values of ¢ and for two

values of the radial mode index p. Values of kﬂuc may be calculated with the

aid of reference 1 (fig. 11(a) and appendix II). For the range of p (fig. 8)
the change in kﬁuc for a given lobe number m 1is seen to be insignificant,
particularly for a value of pn = 1. The calculations in this report were made
only for p = 1. Higher radial modes are of less significance because (1) the
higher modes either do not propagate or begin to propagate at successively
higher speeds than the u = 1 mode and (2) the higher modes are further below
the cut-off Mach number and decay more rapidly when the u =1 mode is
decaying.

RESULTS AND DISCUSSION

The results obtained in this study are presented in figures 9 to 21.
Shown in figure 9 is the sound pressure level (SPL) of the one-third octave
spectra at O° azimuth for the rotor—53-guide-vane configuration. For this con-
figuration the maximum noise peak is along the compressor axis. It can be seen
that the maximum noise peak occurs at the fundamental blade passage frequency
(6940 cps). The radiation patterns of the overall noise of the compressor for
three rotor tip speed operating conditions for each inlet-guide-vane—rotor con-
figuration and for the rotor alone are given in figure 10. As would be
expected, in every case increasing the tip speed resulted in an increase in
noise level. A further result for the rotor alone (fig. 10(a)) as well as for
the rotor in combination with the 31 guide vanes (fig. 10(b)) and with the
62 guide vanes (fig. 10(c)) is that the radiation patterns tend to be nearly
circular in shape; whereas, for the rotor in combination with the 53 guide vanes
(fig. 10(d)) corresponding to the plane wave case (m = O) the peak noise level
is on the 0O° azimuth.

One-~third octave band analyses were performed for the experimental data of
the three rotor—inlet-guide-vane configurations of figure 10. The levels of
the one-third octave analysis centered at the fundamental blade passage



frequency are compared with the calculated radiation patterns in figures 11

to 13. These calculated and measured data are normalized at the maximum values.
The experimental radiation patterns for the rotor with the 53-guide-vane assem-
bly (B=53 V=53 m=0) for two tip Mach numbers are compared with the
calculated patterns in figure 11. Note that the peak of directivity patterns
for both Mach numbers is on the 0° azimuth and both patterns are similarly
lobed. However, the relative lobe peaks for the calculated patterns (particu-
larly for Mg = 0.471) are reduced markedly from those for the experimental
pattern. The ratio of the spinning mode Mach number to the cut-off Mach number
(i.e., the cut-off ratio gm) is given for each test condition and is seen to
be much greater than 1.0. The measured and calculated radiation patterns for
the rotor with the 62-guide-vane assembly (B = 53, V =62, m = 9) are shown
in figure 12 for two rotor tip speeds. The calculations indicate generally the
direction of maximum radiation and the number of lobes in the patterns. They
do not, however, predict the detailed lobe structure of the pattern nor do they
predict radiation in the direction of the axis of rotation, although the experi-
mental results indicate a considerable pressure in this direction. Reference 1
(fig. 21(b)) indicated a similar trend. For the results in figures 11 and 12
over the range of M, of the tests, the cut-off ratio is above 1.0 so that the

noise pressure generated would be expected to propagate along the duct to the
face of the duct, according to the findings of reference 1.

Measured and calculated radiation patterns for the rotor with the 3l-guide-
vane assembly (B = 53, V = 31, m = 22) are presented in figure 13. The cal-
culated radiation patterns indicate that the maximum noise level is near the
90° azimuth for both Mach numbers; whereas, the experimental pattern is lobed
with several peaks having only small differences in the maximum values. The
cut-off ratio for this configuration (B = 53, V = 31, m = 22) for the range
of My of the tests is shown in the figure to span the cut-off Mach number,
results being given for & = 0.754% and £, = 1.086. For both values of My
the peak of directivity for the calculated patterns is on the 90° azimuth. The
measured data are not in agreement, even for En = 1.086 where propagation of

the generated noise pressure might be expected.

Effects of Spacers Between Inlet Guide Vanes and Rotor

The noise pressure patterns from the inlet-guide-vane—rotor combination is
quite different from the pattern of the rotor alone. Experimental results in
figure 14 showed that the sound pressure analyzed at blade passage frequency
was markedly greater for the rotor operating in conjunction with a guide vane
than when operating alone. These results, which are typical for the range of
test rotor speeds, were obtained for a given rotor tip speed and a given pres-
sure rise through the rotor for both the rotor with guide vanes and the rotor
alone.

It appears that the differences noted are associated with the guide-vane—
rotor interactions, which might be expected to vary with axial spacing between
the guide vanes and rotor. Accordingly, tests were made with the three guide-
vane assemblies previously discussed in this paper for three additional rotor—
inlet-guide-vane spacings; the results are presented in figures 15 to 19. The



effect of rotor—inlet-guide-vane spacing on the generated noise for the rotor
with the 62-guide-vane assembly at one tip Mach number (0.476) is shown in fig-
ure 15. Other guide-vane assemblies and rotational speeds showed similar
trends. The rotor—guide-vane spacing was varied from 0.5%5 guide-vane chord
(no spacer ring) to 9.11 chords. The noise level for the rotor without guide
vanes is also shown in figure 15. The overall noise (fig. 15(a)) is not
affected appreciably by rotor—guide-vane spacing over the range of the tests.
Of greater significance, however, are the large reductions in the noise level
when analyzed at the one-third octave band centered at the fundamental blade
passage frequency (fig. 15(b)). The 6.25-guide-vane-chord spacing reduced the
noise level of the rotor—guide-vane combination to approximately the level of
the rotor alone at all angles except those above about the 30° azimuth angle.
An increase in spacing to 9.11 chords resulted in a reduction in noise at the
0°, 159, and 30° azimuth angles to approximately the value obtained without
gulde vanes, but no further decrease in the noise level was indicated for the
higher angles. For this configuration it appeared that only small noise reduc-
tions near the 0° azimuth are obtained with spacings larger than 6 guide-vane
chords. For the tests of this figure, guide vanes were set at approximately
the turning angle for zero 1lift and the rotor efficiencies were comparable for
all configurations.

More detailed information relative to the reduction in noise obtained is
given by radiation patterns analyzed at blade passage frequency, which are pre-
sented in figures 16 to 18. The effect of rotor—inlet-guide-vane spacing on
the rotor with the 62 guide-vane assembly is shown in figure 16. In fig-
ure 16(a) the radiation patterns for the no spacer ring are compared with the
radiation patterns for the 3.39-chord spacing and for the 6.25-chord spacing
at a tip Mach number of 0.477. There is a general reduction in noise levels,
and the individual lobes of the pattern except the one that peaks at approxi-
mately 250 azimuth are eliminated by the use of either spacer. As may be seen,
there is a small decrease in noise level only in the 0° to 45° azimuth range
when the spacing is increased from 3.39 to 6.25 chords. The results of
increasing the spacing to 9.11 chords are presented in figure 16(b). Tt is
readily observed that the lobe which peaks at about the 25° azimuth for the
6.25-chord spacing is eliminated with the 9.1l-chord spacing, but no further
decrease in the noise level was realized at other angles. Also shown in this
figure is the noise radiation pattern for the rotor alone (no inlet guide vanes)
at Mg = 0.477. TFigure 17 compares the radiation patterns for the rotor—31-
inlet-guide-vane configuration with no spacer ring, 3.39-chord spacing, and
6.25-chord spacing for a rotor tip Mach number of 0.498. A small reduction in
noise levels was found with the 3.3%9-chord spacing; however, a large reduction
in noise levels was obtained with the 6.25-chord spacing and the individual
lobes of the pattern were eliminated. A further increase in spacing from 6.25
to 9.11 chords resulted in minor gains in noise reduction (not shown in the
figure). In figure 18 are compared the radiation patterns for the rotor—53-
inlet-guide-vane configuration (m = 0, the plane wave case) with no spacer
ring, 3%.39-chord spacing, and 6.25-chord spacing for a rotor tip Mach number
of 0.471. The peak of directivity pattern, as previously discussed for this
case, is on the 0° azimuth, and this peak has been appreciably reduced with the
use of spacers, the greatest reduction in noise levels being realized with the
6.25-chord spacing. The changes in noise levels away from the vicinity of 0°
azimuth were generally small. It can be seen from the results of the assemblies
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tested (62, 31, and 53 inlet guide vanes) that the effect of spacing on the
one-third octave band noise radiation patterns is appreciable.

These results indicate a need for further study of the effect of axial
spacing of the inlet guide vanes and the first-stage rotor of a multiple-stage
compressor and, also, the effect of stator vanes downstream of the rotor.

The effect of spacing on the noise spectra 1s illustrated in figure 9.
Spectra are shown for the 0.53-chord spacing (no spacer ring) and the 6.25-
chord spacing. Three main features of these spectra can be noted. The maxi-
mum noise peak occurs at the higher frequencies in the vicinity of 7000 cps.
This nolse peak is in the frequency range of the fundamental blade passage fre-
quency. Also, at the frequencies in the vicinity of 500 to 3000 cps, the ampli-
tude of the noise is considerably lower and there is very little difference in
the spectral content in this frequency range for the two chord spacings.
Finally, the high noise peak exhibited with the 0.535-chord spacing has been
greatly reduced with the 6.25-chord spacing. In fact, the noise level was
reduced by 10 to 14 dB in the 6500-t0-7500-cps frequency range with the 6.25-
chord spacing.

Because large differences in noise pressure were realized with increased
spacing, an attempt has been made to see how these differences correlated
with the flow details in the wake of the gulde vanes. Reference 8 gives a
method by which the important wake parameters in terms of the distance behind
the airfoil trailing edge and of the profile drag coefficient cgq o can be

determined. Experimental data in reference 8 (fig. 33) indicate that for a
given airfoil the wake 1s displaced downward with an increase in cy (increase

in angle of attack) and that the change in wake velocity profile with ¢y is

relatively small up to the angle of stall, the main wske parameters being a
function of the profile drag and the distance behind the airfoil. In summsry,
then, it does not appear that changes in the loading on the guide wvanes up to
near stall should appreciably affect the defect in velocity in the wake.

The viscous wakes of airfoils in cascade as calculated by the method of
reference 8 are shown in figure 19. The calculations were made for a value of
4,0 of 0.01, which is considered representative for the airfoils used for

guide vanes. The wake width and the reduction in velocity across the wake
(velocity defect) in terms of the stream velocity are shown as a function of the
distance behind the airfoil, expressed in guide-vane chords. The figure shows
that at 0.535 chord behind the trailing edge of the airfoil the wake width was
only 0.12 chord and that the velocity on the center line of the wake was only
85.5 percent of the stream velocity. The velocity defects attenuate downstream
rapidly and at a distance of 6.25 chords behind the trailing edge of the air-
foil the minimum velocity in the center of the wake is only 1.9 percent below
stream velocity, and the wake width is now increased to 0.364 chord. However,
the velocity defects in the wake cause instantaneous increases in the angles of
attack of the rotor blade which, in turn, result in instantaneous increases in
blade loading and in a small increase in the average loading. The results of
the present investigation suggest that the noise Increase associated with the
rotor—inlet-guide-vane interaction is due to the presence of the instantaneous
increases in blade loading rather than the small average increase in blade



loading due to the presence of the guide-vane wakes. It would be expected,
then, that an increase in rotor—inlet-guide-vane spacing would have a favorable
effect on the interaction noise regardless of the loading on the guide vanes.

Effect of Stage Loading on Noise Generated

The results for all previous tests were obtained for near-zero loading on
the guide vanes in order to get comparable operating conditions without guide
vanes. The measured radiation patterns analyzed at the blade passage frequency
for the rotor with the 62-inlet-guide-vane assembly for two angle settings of
the guide vanes and at the same rotor tip Mach number are presented in fig-
ure 20. The method of calculation of reference 1 does not account for a change
in rotor loading. The guide vanes were set at —50, approximately the zero
turning angle, in one case and then increased by 15° to +10°. This increase in
guide-vane angle would, of course, Increase the steady-state loading on the
rotor blades, but the change in oscillating air forces for the two angles due
to the velocity defect in the wake would be small. The horsepower absorbed by
the rotor is seen in the figure to increase approximately 20 percent for the
higher guide-vane angle (10°) for constant rotor speed. The experimental data
in the figure are made for relative noise levels, as was done in figure lh, S0
that direct comparisons can be made with the calculated pattern. The maximum
noise level for both sets of experimental data and for the calculated curve
occurred near the 30° azimuth angle with the peak noise level for the higher
rotor loading occurring at the slightly higher azimuth angle. As was noted in
figure 14, the experimental data show a lobe near the axis (about the 5° azi-
muth angle) which was not present in the calculated data. The peak noise level
of the lobe of this azimuth angle was about 7 dB higher for the higher rotor
loading than for the lower loading. On the other hand, the peak noise level of
the lobe near the 50° azimuth angle was about 5 dB higher for the lower rotor
loading than for the higher loading. These results indicate that the noise
radiation pattern of the fundamental blade passage frequency is a function of
the rotor loading, a variable not considered in the calculated radiation

patterns.

The radiation patterns of the overall noise for the two loading conditions
of figure 20 are given in figure 21. The changes in the overall noise radia-
tion patterns with this range of loading conditions are small.

CONCLUSTIONS

Noise studies conducted with a single-stage compressor in an anechoic
chamber over a range of rotor tip speeds for a 53%-blade rotor with various
inlet-guide-vane configurations indicate the following conclusions:

1. The overall noise radiation patterns were nearly circular in shape (not
highly directional), and the radiation patterns at the blade passage frequency
exhibited lobes. The number of lobes was dependent upon the inlet-guide-vane-—
rotor configuration, that is, the number of vanes and the rotational speed.
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2. The calculations permit the determination on a qualitative basis of
noise radiation patterns which are in good agreement with experimental patterns
in the range for spinning modes above cut-off Mach number, that is, in the range
for propagation; however, in the range below cut-off, in the region of decay,
the experimental noise radiation patterns have little similarity with calculated
patterns.

3. An increase in axial spacing of rotor and guide vanes gave large reduc-
tions in noise levels when analyzed at the blade passage frequency and, further-
more, the lobes of the noise radiation patterns were nearly eliminated. How-
ever, spacing had little effect on the overall noise radiation patterns.

4. A change in guide-vane loading with a resulting change in rotor blade
loading has an effect on the noise radiation patterns when analyzed at the
blade passage frequency but has little effect on the overall noise radiation
patterns at constant rotor tip speed.

Langley Research Center,
National Aeronautics and Space Administration,
Lengley Station, Hampton, Va., May 2k, 1965.
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Figure 1.- Test compressor mounted in anechoic cell.
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Figure 4.- Inlet-quide-vane assembly with 53 vanes. L-63-3783
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Figure 6.- Measured inlet velocity distribution in inlet duct. (No inlet guide vanes.)
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Figure 10.- Overall noise radiation patterns measured on a 12-foot radius for different rotor speeds and
rotor—quide-vane configurations.
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Figure 10.- Concluded.
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Figure 11.- Calculated and measured one-third octave (at blade passage frequency) radiation patterns for the
rotor—53-quide-vane configuration at two rotor tip speeds.

23



——— Calculated
--O-- Measured

A"f'OW\l _40 -30 20 .10 0
Relative SPL, dB

{b) My = 0478 € = 6.52.

Figure 11.- Concluded.
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Figure 12.- Calculated and measured one-third octave (at blade passage frequency) radiation patterns for the
rotor—62-guide-vane configuration at two rotor tip speeds.
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Figure 12.- Concluded.
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Figure 13.- Calculated and measured one-third octave (at blade passage frequency) radiation patterns for the
rotor—31-guide-vane configuration at two rotor tip speeds.
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Figure 13.- Concluded.
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Figure 14.- Measured one-third octave (at blade passage frequency) radiation patterns for various rotor—guide-vane configurations. M = 0.346
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Figure 15.- Effect of rotor—guide-vane spacing on generated noise for 62-guide-vane assembly. Mt = 0.476; Em = 2.36.
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Figure 16.- Effect of rotor—inlet-quide-vane spacing on one-third octave (at blade passage frequency) radiation patterns for the
rotor—62-guide-vane configuration. M; = 0.477.

{a} Radiation patterns for no spacer ring and for 3.39- and 6. 25-chord spacings.
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Figure 16.- Concluded.
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Figure 17.- Effect of rotor—guide-vane spacing on one-third octave (at blade passage frequency) radiation patterns for the

rotor—31-guide-vane configuration. M; = 0.498.
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Figure 18.- Effect of rotor—inlet-guide-vane spacing on one-third octave (at blade passage frequency) radiation patterns for the
rotor—53-guide-vane configuration. M; = 0.471.
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Figure 20.- Calculated and measured one-third octave (at blade passage frequency) radiation patterns due to stage loading
and for rotor—62-guide-vane configuration. My = 0.418; no spacer ring.
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Figure 21.- Effect of stage loading on the measured overall noise radiation patterns for the
rotor—62-inlet-guide-vane configuration. M = 0.418; no spacer ring.
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